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TECHNICAL MEMORANDUM 


DEVELOPMENT, TESTING, AND CERTIFICATION OF LIFE SCIENCES 
ENGINEERING SOLAR COLLECTOR - FINAL REPORT 

SUMMARY 

The primary goal of the information contained in tliis report is to aid 
those who desire to remain abreast of the present state ’-of-the-art of solar 
energy, as well as those in tlie process of selecTng a solar energy collector 
subsystem for space and hot water heating of lesidential size dwellings. 

To meet tliis primary goal, the contractual efforts of Life Sciences 
Engineering to further the development of a solar collector using air as a heat 
transport medium ax’e described. 

Some highlights included are the orientation of the development as a 
portion of the national program, contract goals, accomplishments, design and 
application information, and actual test results. 

Upon completion of the development phase, the following final certifica- 
tion was obtained from an independent contractor • 

The Solar EE, Air Flat Plate Ctjllector, was tested for operational 
performance and structural conformance to specifications directed 
by the National Aeronautics and Space Administration. The design 
and structure of the collector are consistent with applicable national 
standards. The Solar n Collector successfully passed all tests and 
was evaluated as efficient and safe for public use* 


l. INTRODUCTION 


The work done under tliis development effort was authorized by the Solar 
Heating and Cooling Demonstration Act of 1974 (PL 93-409) . The act provides 
for the following: 

1) Demonstration, within 3 years, of the practical use of solar heating 
technology. 


2) Demonstration, within 5 years, of the practical use of combined j 

heating and cooling technology, i 

1 

i 

Responsibility for implementing the Demonstration Act was given to the ! 

Energy Research and Development Administration (now the Department of j 

Energy) . The National Aeronautics and Space Administration, George C, | 

Marshall Space Flight Center (MSFC) managed this work. . | 

i 

To aid in accomplishing the goals previously listed, MSFC awarded j 

contracts in each of the following areas: . ! 

* 1 

Number Title Purpose 

AP32-75-408 Solar Heating and Cooling Procure marketable subsystems 
Marketable Subsystems unique to solar heating and 

cooling systems (multiple 
contracts) 

Procure development of existing 
solar heating and cooling sub- 
systems to make them marketable, 
and delivery of the subsystems 
(multiple contracts) 

Procure development of existing 
solar heating and cooling sys- 
tems (including hot water systems) 
to make diem marketable, and 
delivery of systems (multiple 
contracts) 

AP32-75-405 Solar Heating and Cooling Procure ( 1) integration of 

Systems Integration of Government furnished subsystems. 

Marketable Subsystems test and delivery of marketable 

prototype solar heating and 
cooling systems; (2) development 
of Site Data Collection subsystem 
and Central Data Processing sub- 
system; and (3) system analysis 
support efforts (single contract) 


AP32-75-407 Solar Heating and Cooling 

Existing Subsystems that 
Require Additional 
Development 

AP32-75-406 Solar Heating and Cooling 

Existing Systems that 
Require Additional 
Development 
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AP 3 2 -75-404 


Solar Heating and Cooling 
Systems Design and 
Development 


The complete design and develop- 
ment of solar heating and com- 
bined heating and cooling systems, 
and the delivery of prototype 
systems (two or more contracts) 


The vork described in this report was funded, after competitive bidding, 
under AP32-75-407. 


1 1 . CONTRACT SCO PE AND REQU 1 REMENTS 

A. Purpose 

The contract was for the additional development of an existing air flat 
plate collector subsystem for solar heating and/or hot water application for 
efforts to malte a marketable product, and for tlie procurement of a limited 
quantity of tlie developed collectors. 


B. Products 

The work consisted of development and fabrication of a prototype air flat 
plate collector panel containing 320 ft^ (ten 4 x 8 ft panels) of collector area. 
Three (instiaimented) panels were to be completely assembled with glataing and 
insulation. 

Delivery was to be October 1977, 1 year after contract award. In addition, 
tlie contractor was to deliver the data handling equipment used in collector 
development. 


C. Product Requirements and Criteria 

During the development of the collectoi', the contractor was required to: 

1) Meet the applicable parts of the interim pei’formance criteria as 
defined in a verification plan. 


2) Meet the subsystem j^erformance specification, SHC-3058, 
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3) Provide test data/analysis to verify &at hardware meets the subsys- 
tem performance specIfLcatlon. 

4) Provide drawings and specifications in sufficient detail to define the 
configuration and to ensure manufacturing repeatability. 

5) Have provisions to monitor performance. 

6) Provide installation, operation, and maintenance manual(s) . 

7) Provide subsystem and/or component hardware certified by independent 
l^ratory (such as Underwriters Laboratory and American Gas Association) to 
meet nationsdly recognized standards and codes (such as American Society of 
Keating, HeMgeration and Air Conditioning Engineers; American Society of 
Mechanical Engineers; American National Standards Institute; and American 
Eefcigeration Institute) . 


D. Contractor Tasks 

The contractor was to provide the necessary effort to meet the product 
requirements and criteria set forth in Section n. C of this report. In addition, 
the contractor was to provide analysis results and reports necessary to fulfill 
contract requirements. 


111. PROPOSAL 

A. Response to Request for Proposal 

The company was responsive to the HFP and was selected on a competi- 
tive basis. 

B. Origin of Design 

The design was based on a prototype collector developed for Mr. Ealph 
Hillman of Aurora, Colorado, by Life Sciences Engineering. 
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C, Development Schedules 

Development schedules are shown in Figure 1. 


D. Hardware Description 

The px’oposed design was for a double glaze air flat plate collector. 
Three sizes were proposed: 4 x 10 ft, 4 x 8 ft, and 48 x 22 in. Figures 2, 3, 
and 4 show details of the proposed construction. 


E. Material Selection 

Following is a list of materials with die rationale for their selection: 

1) Inner Glazing 

a) Materials and Selection Rationale — Glass to wnthstand tempera- 
tures in excess of 250 ‘■F, 

b) Type and Identification — Pittsburgh Plate Glass, double strength 
(1/8 in. nominal), float. 

c) Available Chai'acteristics — Transmissivity: 0,94, 

d) Durability/Performanee Degradation — Will survive temperatures 

of 250‘‘F. 

e) Replacement Method — Remove tlie outer frame, remove and 
replace glass. 

f) Edge Treatment — Provide 1/8 in. expansion space and pressure 

tape. 

g) Physical Properties — Brittle; may crack if installed improperly, 

2) Outer Glazing 

a) Materials and Selection Rationale — Plastic film affords better 
protection than die 1/8 in. glass; safer on gi’ound level where cliiidren may 
accidentally fall against outer glazing. 
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ACTIVITY 


1 


INSTRUMENTATION INSTALLATION 
LOWER PLENUM FLOWMETERS 
UPPER PLENUM FLOWMETERS 
STORAGE THERMOCOUPLES 
PRELIMINARY DESIGN REVIEW 

PROTOTYPE DESIGN REVIEW 
INSTALLATION OF TEST COLLECTORS 
WITH THERMOCOUPLES 

TEST MONITORING SYSTEM INSTALLATION AND 
CHECKOUT 

TEST PROGRAM 

ABSORBER COATINGS TESTS 
GLAZINGS TESTS 
PLENUM SPACING/AIR FLOW TEST 
STAGNATION TEST 
TEST ANALYSES 

FABRICATION/MANUFACTURING 
FIRST ARTICLE REVIEW 
PACICAND SHIP 
• MONTHLY REPORTS 
OQ QUARTERLY REPORTS 


MONTHS AFTER GO AHCAO 













3/4 in. 3/4 in. 



ALUMINUM ANGLE 3/4 X 3/4 X 1/16 m 


• GLASS, 1/3 in. TYPICAL 
30UBLE STRENGTH 


SILICONE SEALANT 


ANGLE ALUMINUM 3/4 X 3/4 X 1/16 in. 
SUPPORT FOR ABSORBER PLATE 
NOT SHOWN 




.PRESSURE TAPE 


.1 X 2 in. ALUMINUM 
FRAME 


Figure 4. Solar n glazing frame, inner, detail Pt. No. GFI 4 x 10 ft 
(Life Sciences Engineering proposed solar collector) . 


b) Type and Identification — Tediar, DuPont 400 BG 20 TR. 

c) Available Characteristics — Transmissivity: 0,92 to 0,94, 

d) Durability /Performance Degradation — Withstand hail; may lose 
half its strength in 10 years. 

e) Replacement Method — Remove cuter frame, remove and replace 
Tediar. Allow to shrink in Sun. 

f) Edge Treatment — Tediar is bonded to frame with metallic 
silicone GE 2564-51EP. 

g) Physical Properties — Pliable film deforms over 225®F (per 
manufacturer’ s engineer) . 

3) Absorptive Coating* 

a) Materials and Selection Rationale — Flat black velvet paint for 

economy. 

b) Commercial Identification — 3M ^'Nextel’* velvet coating, series 

101 . 

c) Available Characteristics — Absorptioi: 0,98; IR emittance; 0. 89, 

d) Application Procedure — After etching, spray a single coat and 
oven dry at 250-' F* 

e) Manufacturing Tolerance — Single coat of 0.002 to 0.003 in. 

f) Durabilily and Performance Degradation — Expected life: 10 years. 

g) Physical Properties — Velvet texture provides good absorption, 

4) Absorber Plate and Base Plate 

a) Selection Rationale — Aluminum 0, 025 in, thick for durability 
and conductance. 

b) Fabrication Procedures/Process — Riveted to frame. 

1. The final selection of the absorptive coating will depend on the results of the 
test program. 
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c) Physical Properties and Dimensions — Three sizes: 4 x 8 ft, 

4 X 10 ft, and 22 x 48 in. , all 0.025 in, tliicU. 

d) Thermal Properties — Selected for liigh conductance. 

e) Manufacturing Tolerances ™ Length and width; +0, -1/32, 
respectively. 

5) Insulation — Insulation is not provided. Life Sciences Engineering 
win supply a list of recommended insulation materials tlxat will not outgas or 
contaminate the air. The builder or subcontractor will supply a minimum of 
2 in. between the raftei’s and under the collector subsystem. The thermal 
expansion spacers will be recommended (e.g. , masonite and celotex) . The 
width of these thermal expansion/insulation spacers depends on the accuracy 
of the builder in setting tiie rafters, 

6) Enclosure — Aluminum Frame 

a) Materials and Selection Rationale — Aluminum angle for lightweight 
strengtli and long life. 

b) Type and Commercial Identification — 2025T6, nontapered 

aluminum. 

c) Thermal Properties — conductance. 

d) Fabrication Process — Riveted with corner braces for prototype 
and test models. An investigation is planned to evaluate the use of aluminum 
soldering techniques for fabrication of tire deliverable system. 


F. Collector Performance Predictions 

The final contract performance specification is included as Appendix A. 
Tiris represents some change from that initially proposed. Tliis small change 
represents some maturation of design and includes the results of one erroneous 
calculation made during the precontract period. 


G. Test Facilities 

At the time of proposal submission, tire company had in place a test stand 
capable of simultaneously testing three solar collectors. Each position contained 
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an engineering model collector with adjustable plenum and a fLovt control damper. 
A 1500 ft? house was used to provide a load when needed. Performance monitor- 
ing was by the utilization of manual measuring teclmiques. 


IV. DEVELOPMENT 
A. Development Objective 

The company had developed the collector to a state where it was usable, 
but was not ready for a full marketing effort* The objectives of the development 
were as follows* 

1) Determine the optimum plenum spacing for a mammum hot air outlet 
temperature of 140*F. 

2) Determine the most efficient absorber coatings to obtain maximum 
performance, 

3) Determine the optimum flow rates for the collector. 

4) Determine the optimum number of glazings for conservation of heat, 

5) Determine the capability of the collector materials and coatings to 
survive worse case conditions (stagnation of air flow due to an inoperative 
blower or a power failure) , 

6) Verify that the performance of the developed collector equaled or 
exceeded applicable contract requirements. 

7) Obtain certification by an independent agency that the collector was 
ready for use by the public. 

8) Improve test facility to provide more accurate measurements and to 
permit automatic data acquisition. 


B. Development Events and Results 

1. Introduction . The development was successful in that all requirements 
and criteria were met and a marketable product evolved. The following para- 
graphs give a brief description of work in the several development areas. 
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2. Schedules . The development was accomplished with only minor 
deviations in timing of events within the overall schedule. Hardware shipment 
was completed 6 days later than scheduled. 

3. Development Results . Seven 4 x 8 ft collectors without insulation 
and three of the same size collectors with insulation and special temperature 
monitoring probes were delivered, a total of 320 ft?. The final configuration 
is shown in Figure 5. 

4. Details of Design Development . 

a. Performance — The engineering units were used to measure 
performance throughout the development period. The original design was for a 
collector 10 ft in length. Based on this, a goal of 50 °F temperature rise in the 
collector performance predictions was made and tlie initial specification was 
written. 


b. Plenum Spacing — Performance calculations or tests w'ere made 
for plenum spacings of 1, 5/8, l/2, and 3/8 in. From tlie performance curves 
plotted from these calculations, an optimum plenum spacing of 1/2 in. was 
selected. 


c. Absorber Coating Selection — The coating originally proposed 
was for "Nextel,” a flat black paint manufactured by 3M Company. At the 
beginning of development a different t^'pe of paint, "Solarsorb," manufactured 
by Caldwell Chemical Coating Company, appeared to be promising. This type 
offez'ed the advantage of having some selectivity {a/e >1) and was low cost. 
Comparative performance tests by Life Sciences Engineering indicated a slightly 
improved performance with the Solarsorta coating. The Solarsorb coating proved 
to be difficult to apply; careful coating thickness control was required. In 
additif>n, some trouble was experienced with iiluminum panel preparation. The 
Solarsorb paint peeled badly dui’ing high temperature stagnation testing, possibly 
due to inadequate preparation. Also a report was received from the vendor tliat 
the paint would peel at temperatures of -20®F or below. The problems pre- 
viously listed, combined with only modest performance improvement, led to a 
decision to use the ’’Nextcl" paint as an absorber coating. 

Black chrome w'as considered as an absorber coating, but was not deemed 
cost effective for the modest (140“F) temperature requirements of this collector 
design. 
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d. Flow Rate Determination — Using a criterion of a temperature 
rise in a single collector of ^50“F, collector performance witli flow rates of 
60, 120, and 240 ft^/min was calculated. From these calculations, a nominal 
flow rate of 120 ft /min was selected. Performance tends to fall more rapidly 
at rates less than 120 ft/min and very rapidly at rates <60 ft/min. The per- 
formance tends to be asymptotic at rates >240 ft/min. 

e. Number and Types of Glazings — Two glazings were selected at 
the beginning of the development. ’^Tedlar” was selected as the outer glazing 
to make the collector lighter and to protect the inner glazing of glass. 

Glass stress calculations using standard wind loads and safety factors 
led to selection of 5/32 in. tliick tempered glass. For additional safety and 
ease of installation, two panels each 4 x 4 ft were used. 

Later performance considerations led to selection of 5/32 in. thick 
’’Sunadex” high transmissivity glass manufactured by ASG Industries. Compara- 
tive testing confirmed the correctness of this selection. 

f. Other Development Items. 

(1) Back Panel Pjiint ^ The back side of the absorber panel was 
painted, as an experiment, to improve heat transfer. There was no measurable 
improvement in performance. 

(2) Thermal Expansion and Buckling — There was an initial 
problem with absorber plate budding. Tests and analysis resulted in the use of 
oval -shaped holes for rivets holding the panel in place. During riveting, 
temporary shims w'ere placed between the plate and structure to allow plate 
movement after riveting. 

(3) Wold Versus Solder — Initial plans were to use solder to 
assemble the aluminum frame. Comments regarding the difficulty of process 
control problems were made during design reviews. This caused the contractor 
to change to die use of welding. 

g. Instrumentation Development. 

{ 1) Hook Gauge — As a means of calibrating other air flow 
measuring devices, a special instrument was procured to measure very small 
amounts of differential pressure between closely spaced ports in the air conduit. 
This device called "Micro Tcctor Electronic Hook Gauge with Kiel Probes" is a 
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laboratory typo instrument requiring time consuming setup and warmup proce- 
dures. The device was self-calibrated by comparing readings of ports in the 
center and midway from the sides of the air conductor and by comparing it with 
otlier flow measuring devices. 

(2) Thomas Meter — Due to the unusually low air flow rate and 
the requirement for being compatible with automatic data recording, a special 
tjTJe of flowmeter was constructed. The device, originated by Mr. C. C. Thomas 
in the early part of the century, utilizes the temperature rise caused by a known 
amount of heat applied at the measuring point to determine air flow. 

(3) Automatic Data Recording “ The Thomas Meter, blower fan 
speed indicator, solar insolation measuring devices, weather monitors, as well 
as various temperature measuring devices were connected to a Doric Scientific 
Digitrcnd automatic data recorder to record information from various tests. 


C. Design Reviews 

Design reviews wore held at four stages of design. The review titles 
(self-explanatory) and dates were as follows: 


TiUc 

Preliminary Design Review 
Prototyjic Design Review^ 
First Article Review 


Acceptance Review of Throe Collectors 
Acceptance Review of Seven Collectors 


Date 

January 19, 1977 
June 7, 1977 
October 9, 1977 
October ti, 1977 
November 4, 1977 


At each review, questions and comments about the design were recorded 
on a standax’d MSFC Form No. 4H7, ’’Review Item Discrepancy” (RID). The 
contractor provides a response to each RID. Four RiD’s were written by NASA 
against the preliminary design, tliirteon against the prototype design, and four 
(none involving hardware design) agiiinst the fiiuil design as represented by the 
first (production) article. Copies of :ill RID's and responses are included as 
Appendix B. 


D. Verification (Qualification) and Certification 

1. Verification . Verification was made against the criteria established 
in the performance specification wliich, in turn, is based on applicable require- 
ments of the interim performance criteria. The following four methods of per- 
formance verification were used; 

a) By similarity to another item which has been qualified, 

b) By analysis of worst-case exposure conditions and of maximum safe 
permissible exposure with a comparison of the two. 

c) By inspection to insure that dimensions and assembly methods were 
correct. 

d) By test. 

Sixty-five items or facets of performance were verified. 

2. Certification, The contract required that the collector be certified by 
an independent test laboratory. Initial correspondence (November 1976) with 
several national organizations indicated tliat they were not yet ready to provide 
the certification service. Therefore, arrangements were made with a local 
registered professional engineer to monitor the company's efforts, to be 
responsible that performance was as claimed, and to certify that the item was 
ready for use by the general public. 

A combined verification and certification is included as Appendix C. 
Thermal performance test results with a comparison to requirements is 
shown in Figure 6. 

3. MSFC Test Facility Results. One of the collectors was subjected 
to thermal performance tests at the indoor test facility at MSFC in Huntsville, 
Alabama. The test report from ISFC is being published separately ( see 
Section V) . 
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Figure 6. Eificiency as a function of operating conditions} performance must be above line 


V. OTHER AVAILABLE INFORMATION 


The following is a list of contractor reports which can be obtained from 
the Department of Energy, Technical Information Center, P.O. Box 62, Oak 
Ridge, TK 37830. Telephone Number (615) 483-8611, Extension 34672. 


Title 


Life Sciences Engineering System 
Design package 

Life Sciences Engineering Installation 
Package 

Life Sciences Engineering Quarterly 
Reports (Collation) 

Life Sciences Engineering Preliminary 
Design Package 

Wyle Test Report 


Document Number 

DOE /NASA CR-160611 

DOE /NASA CR- 150 536 

DOE /NASA CR- 150519 

DOE /NASA CR- 1506 01 
DOE /NASA CR-150665 


VI. CONCLUSION 


It is apparent that the primary goal of the contract was attained. The 
solar collector v,?as brought from a prototype stage to marketable maturity, and 
all tasks and efforts were met within negotiated costs and schedules. 
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APPENDIX A 

PERFORMANCE SPECIFICATION 
SPEC NO. SHC-3058 
FINAL ISSUE 


REVISION i 
Dated 11/30/76 
CCBD 301-76-0057 

REVISION 2 
Dated 5/24/77 
CCBD 301-77-0144 

REVISION 3 
Dated 12/6/77 
CCBD ’301-77-0241 

REVISION i\ 

Dated 

REVISION 5 
Dated 6/1/78 
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SHC-3058 
Eevision 4 
12/20/77 


SUBSYSTEM PERFORMANCE IDENTIFICATION 

1. Introduction 

Thip Performance Specification establishes the requirements for the 
design and performance of the Solar II Collector Subsystem for use 
in solar heating only of single family residences and mobile homes. 

It designates the Interim Performance Criteria applicable to this 
subsystem and defines the deviations. This appendix specifies the 
performance of the collector subsystem and the installation drawings. 

2. Applicable Documentation 
2. I Government Documents 

Interim Performance Criteria for Solar Heating and Combined Heating/ 
Cooling Systems and Dwellings, Jan. i, 1975. U. S. Department of 
Housing and Urban Development. 

2. 2 Contractor Documents 

SHC-3070, Installation, Operation and Maintenance Manual, 9/15/77, 
SHC-3094, Design Data Brochure, 9/10/77. 


22 


SHC-3058 
Revision 4 
12/20/77 


3, Application of Interim Performance Criteria by Type of Subsystem 
The Interim Performance Criteria in Table I are applicable. 

4, Deviations from Interim Performance Criteria 
None 

5, Government Furnished Property 
None 

6, Government Directed Requirements 

Government directed requirements have been incorporated into this 
specification. 

7, Subsystem Appendices 
None 

8, Warranty (Limited) 

The Solar H Collector is warranted for 1 year from time of delivery. 
This warranty covers manufacturing craftsmanship and normal 
environment conditions. It does not cover installation mishandling 
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SHC-3053 
Revision 4 
12/20/77 

or willftil dEJxnage, If the collector was purchased without glass 
from the factory, the local distributor /sub contractor shall warrant 
the glass for breakage and leakage for 1 year* In the event of a 
failure, a replacement component will be supplied for the failed 
component. 
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SflC-3058 


t^tcincAiinM nn 
REVISION 

TABLE 1 - ' of.it 12/6/77 

residential subsystems, in [ERI iVi performance CRIILRIA bUf/.iMAHY 

■ SHCETj_of_a^ 

SUBiVSTtM APPLICATION TVPE SYSTEMS 

A - AffLICAILE TO TYPE SYSTEMS INDICATED K - KEATING 

MA - NOT A"PL1CABLE KC- KEATING AND LttnUNC 

HW- HOT WATEK 


RESIDENTIAL INTERIM 
pfRfORMANCE CRITERIA 
FARAORAPH 

TVPt 

SYSTEMS 

Rt^iOENflAL mTERIM 
. PERffiHMANCE CfitTERU 
rARAGRAPM 

TYPE 

SYSTEMS 

H 

HC 

HW 

H 

HC 

HW 



' ” 







1, 1 H ami HC 

NA 

NA 

NA 

1.3.1 

Collector Efficiency 

A 

A 

A ' 

Performancs 









l.l.I Hooting Dettgn 

NA 

NA 

NA 

1.4 

Thermal Storage 

NA 

NA 

NA 

Temparaturaa 













1.4,1 

Storage Capacity 

NA 

NA 

NA 

hi.Z Cooling Design 

NA 

NA 

NA 





1 

Temperaturea 




1.5 

Habitability of 

NA 

NA 

NA 





Occupied Spaces 




i.l. 3 Relative Humid- 

NA 

NA 

NA 






ity and Water Vapor 




1.5.1 

Heat or Humidity 

NA 

NA 

NA- 

Preaaurc 




Transfer Effects 




Solar 

NA 

NA 

NA 

1.6 

Energy Transport 

NA 

NA 

. NA 

Contribution 




Efficiency 




it It 5 Operation 

NA 

NA 

NA 

1.6.1 

Thermal Losses 

NA 

NA 

NA 

Impairment 




and Electrical Power 




1.2 HW Syatem/Sub- 

NA 

NA 

NA 

r? 

Control 

NA 

NA 

NA 

lyfltam Performance 













1.7.1 

Installation and 

NA 

NA 

NA 

2.2,1 Water Design 

NA 

NA 

NA 

Maintenance 




Temperature 













1.7.2 

Manual Adjustment 

NA 

NA 

NA 

1.2.2 Storage Design 

NA 

NA 

NA 






Capacity 




1.7. 3 

Inhabited Space 

NA 

NA 

NA 





Temperature I 




1. 2, 3 Solar 

NA 

NA 

NA : 






Contribution 




1,7.4 

Hot Water Temper- 

NA 

NA 

NA 





ature 





1.2,4 Operational 

NA 

NA 

NA 






Impairment 




1. B 

Auxiliary Energy 

NA 

NA 

NA 

i. 3 CoUftclor 

A 

A 

A 

1. &.1 

Design Leads 

NA- 

NA 

NA 

Pe rformanco 
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PARAORArH 


2.1 SysCern Design 
Conditions 

2.1.1 Equipment 
Capabilities 

Z.1,2 Noise or 
Erosion - Corrosion 

2.2.3 Operating 
Conditions 

2.1.4 Fluid Flow in 
Collectors 

2.1.5 Entrapped Air 

2. 1. h Thermal Expan* 
aion of Fluids 

2.1.7 Presiure Drops 

2. 1. 3 Condensate 
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2.2. 2 Vibration from 
Moving Parts 

12.2. 3 Water Hammer 
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P»lection 

2. 2. 5 Thermal Changes 

2. 2. 6 Flexible Joints 

2. 3 Leakage Fre- 
vemion 
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SYSTEMS 

RESlDENTIAt. INTERIM 
PEnFURUAhCE CRitCniA 

H 

HC 

KW 

PARAOKAPK 

A 

A 

A 

2.3.1 Pressure Tent; 
Nonpotablc Fluids 

A 

A 

A 

■ 

2.3.2 Pressure Test; 
Potable Water 

A 

A 

A 

2. 3. 3 Air Transport 
Systema 

A 

A 

A 

2,4 Collector Adjust' 

ment 

A 

A 

A 

2.4.1 Orientation and Tile 
2. 4. 2 Mutual Shadowing 

NA 

NA 

NA 

2.5 Subsystem Isolation 

NA 

NA 

NA 

2.5.1 Shutdown in Mulii- 
Camily Housing 

A 

A 

A 

2. 6 Heat Transfer Fluid 

NA 

A 

HP 

N 

Quality 

A 

A 


2. 6. 1 Liquid Quality 
2. 6. 2 Air Quality 

A 

A 

A 

2. b. 3 Fluid Quality 

A 

A 

A 

2. 6. 4 Freezing Protection 
2,7 Piping Supports 

NA 

NA 

NA 

2,7.1 Applicable Plumbing 
Stands rds 

NA 

NA 

NA 

2. H Excessive Pressure 

and Temperature Protection 

A 

A 

A 

2.8,1 Relief Valves and 

NA 

NA 

NA 

Vents 

A 

A 

A 

3.1 Structural Design 

llania 


SYSfEMS 


H I HC I HW 


NA NA NA 

NA NA NA 
A A A 

NA NA NA 

NA NA NA 
AAA 


A A 

NA NA NA 
A A 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA : 
A A 
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HM . hot WATIH 


MtSlOf ntial inti aim 
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AAAAOAAPH 


J.l.l Applicable Slan- 

4a^a * 

3.1.2 Service Lo«de 

3.2 Fallurfl Load* 
and Load Capacity 

3.2.1 Ultimate Load 
Combinations 

3. 2.2 Ice Loads 

3. 2. 3 VehicuUr Loads 

3.2. 4 Load Capacity 
3*3 Damage Control 

3.3.1 Rosistance to 

Damage 

3.3.2Clasing Design 
3. 4 Cyclic Loads 

3.4.1 Deflection 
Limitations 

3. 5 Cutting of 
Structural Elements 

3.5.1 Design Provisions 

3. 6 Creep and 
Residual Deflection 

3. 6. 1 Deflection 
Limitations 

3.7 Hail Resistance 

3.7.1 Hail Size and 
Loading 

3. 8 Constraint 
Lcada t 


t 

SvSIlMS 



HC HSI 


NA NA NA 


A A 


NA NA NA 
NA NA NA 


NA NA NA 


NA NA NA 
NA NA NA 


NA NA NA 


NA NA NA| 


niMOi HTiai iNTrniM 
StPfOHMANCr CPIIIPIA 
paPACHasH 


3.8.1 Foundation 
Settlement 

3.9 Ponding Condition 

3.9.1 Deaign Proviaiona 

4.1 Plumbing and 
Electrical Inatallalion 

4.1.1 Plumbing Code a 

4.1.2 Electrical Code a 

4.2 Fail-Safe Controla 

4.2.1 Syatrm Failure 
Prevention 

4.2.2 Automatic Preaaure 
Relief ValvcB 

4. 3 Fire Safety 

4.3.1 Applicable Fire 
Standards 

4.3.2 Penetrations through 
Fire Rated Aascmblica 

4.4 Toxic 

4.4.1 Proviaiona of Catch 
Daaina 

4.4.2 Detection of Toxic 
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4.5 Safety 

4.5.1 Emergency Egress 
and Acccs * 

4.5.2 ide itification and 
Location of Controls 
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' MC - HI^ATINC AK<0 ( I'OUNG 
MWr. mot WAIfH 


ni^lOINriAl INTfRlM 
nnfORMANcf r MtT^niA 

PAHAOAArH 


4,6 Protcclion of Pol- 
Abl« Water li CirculAlrt 
Air 

4. 6,1 Coniamlnation 
hy MateriAla 

4. 6.Z Scpar.itinn 
of Clrculallon Loops 

4. 6. 3 BackQow 
Prsvcntiun 

4.6. 4 Growth of Fungi 

4.T Esresaivo Sur* 
fat r Tomperalurps 

4.7.1 Protection frt*m 
lltiatcd ComponrntA 

6.1 ' Effects of Cx* 
twrnal Environmont 

5.1.1 Solar DcgraHa> 
tion 

6.1.2 Soil Corrosion 

6.1.3 Airborne 
T^iUutants 

6.1.4 Oirt Retention 
on Cover Plate Surface 

5.1.5 Abrasive Wear 

5.1.6 Fluttering by 
Wind 

5.2 Temperature 6 
Pressure Resistance 

5.2.1 Thermal De- 
gradation 

5. 2. 2 Deterioration oi 
Heat Transfer r lur!-* 



St^lOlNtlAL INTrillM 
sf iiMMMuANr; r.niirniA 

fAilAIjMAPH 


5.2.3 ^Thermal Cycling 
Stresses 

5.2.4 Leakage 

5.2.6 Deterioration of 
Caskets ami ^slants 

5.2.6 Transmission Loss- 
es Due to Outgassing 

5.3 Chemical Compati- 
bility of Components 

5.3.1 Materials/Transfcr 
Fluid Compatibility 

6.3.2 Corrosion of Dis- 
similar Materials 

6.1.3 Corrosion by Learh- 
ah6r Substance 

6.3.4 Effects of Derom- 
position Products 

5.4 Components Involv- 
ing Moving Parts 

6.4.1 Wear and Fntiguc 

6.1 Accessibility for 
Maintrnanrr 

6.1.1 Access for .System 
Mnintcnanre 

6.1.2 Acc'chs for System 
Monitoring 

6.1. 3 Draining and Filling 
of Liquids 

6. 1. -1 Flti^hing of I.iquids 
Subky^lems 


I Yl«f 

SYXKMS 


ID 

MC 

A 

A 

NA 

NA 

A 

A 

A 

A 

A 

A 

NA 

NA 

A 

A 

NA 

NA 

A 

A 

NA 

NA 

NA 

NA 

A 

A 

A 

A 

A 

A 

NA 

NA 

NA 

NA 
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T RtSIDENTIAL SUBSYSTtMS, INTERIM PERFORMANCE CR HER lA SUMMARY 
I ‘ stittT_5_or6 

1 SUBSYSTCMA^PLICATION 



TYPE SYSTEMS 



1 A- APPUCAOLE TO TVfl SYSTEMS INDiCATID H - HEATING 



1 NA . NOT A»PUCAaLE 



HC- HEATING AND aiOlINC I 

• 




HW - hot WATEH 



ACSIOINTIAL INTERIM 

TYPE 

nCSiOENTlAL INTERIM 


TYPE 


PfnrOHMANCl CRITERIA 

S YST (MS 

PEREORVANCE CRITERIA 

» T) 1 1 

paragraph 

M 

HC 

MW 

PARAGRAPH 

H 

HC 

HW 

6.1.5 Fllteri 

Ka 

TTTr 

N'A 

7. 2. 2 Storage Area 

NA 

NA 

NA 

6.1.6 PotAble Watrr 

NA 

NA 

NA 

7.2.3 Utility Chaaea 

NA 

NA 

NA 

Shutoff 




7. 3 Functioning of 

Ni\ 

NA 

NA 

6. 2 InitmlUtion. 

A 

A 

A 

Dwelling Site 




OperAtion and Malnte- 








nance Manual 




7.3,1 Space Uae 

NA 

NA 

NA 

6. 2. 1 Inetallation 

A 

A 

A 

7. 3. 2 Shading of Adjacent 

NA 

NA 

NA 

Inftructiona' 




Structure a 




6. 2. 2 Maintenanco 

A 

A 

A 

7. 3. 3 Impace of Environ- 

NA 

NA 

NA 

and Operation In> 




ment 




•tructlons 












7.3.4 View 

NA 

NA 

NA 

6. 2. 3 Maintenance 

A 

A 

A 





Plan 




8. 1 Interference with 

NA 

NA 

NA 

6.2.4 Replacement 

A 

A 

A 

Mechanical Operation 




Parte 




8.1.1 Blockage of Solar 

NA 

NA 

NA 

6. 3 Repair and 

A 

A 

A 

Subayatem 




Service Pereonnel 




8. 1. 2 Shading of Collecto 

■ NA 

NA 

NA 

6. 3. 1 Maintenance 

A 

A 

A 





of H and HC Systeme 




8. 1. 3 Senaor Location 

NA 

NA 

NA 

6. 3. 2 Maintenance 

A 

A 

A 





of DHW Syatem 




8.2 Mechanical k 

NA 

NA 

NA 





Electrical Functioning of 




7. 1 Dealgn 

NA 

NA 

NA 

Dwelling and Site 




7,^1 levelling 

NA 

NA 

NA 

A. 2. 1 Exhauft and 

NA 

NA 

NA 

Dealgn 




Venting 




7.1.2 Mobile Home 

NA 

NA 

NA 





Dealgn 




8. 2. 2 Utilitiee 

NA 

NA 

NA 

7. 1. 3 Site Dealgn 

NA 

NA 

NA 

8. 3 Mechanical It 

NA 

NA 

NA 

7,'l. 4 Paaaive U»e 

NA 

NA 

NA 

Electrical Functioning of 




of Solar Energy 








7. 2 Adequate Spaci 

NA 

NA 

NA 

8.3.1 Plumbing 

NA 

NA 






Connectiona 




7.2.1 Collector Arc.i 

NA 

, NA 

NA 
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SUBJVSTf M APPUCATION 


A.MniCApiC TO TYPC SVSUMS INOICATiO 
MA-aiOTAfniCAiLf 


ACSiOtNTIAL INTCBIM 
PVArONMAMCE i.HlKMIA 
PANACRAPH 


T vrt 
svsriMs 


HC 


«. 3. 2 ElcctricAl NA NA 

Cnnnectlnna 

9, 1 Structural NA NA 

Integrity 

9i 1. 1 Movement* in NA NA 

AHjAcrnt Structure* 

9, Z Structural NA NA 

Integrity of Dwelling 

9. Z. I Load* NA NA 

9. Z. 2 Penetration of NA , 

f lructural Member* 

,3 Structural NA NA 

Connection* 

9; 3. 1 Structural NA NA 

Connection* 

9. 3, 2 Brittle Sub- NA NA 

*y*tem 

9. 3. 3 Strength and NA NA 

Stiffne** 

10.1 Safety of NA NA 

Dwelling and Site 

10,1.1 Fire NA NA 

10, 1. Z Accident* NA NA‘ 

11. 1 Durability NA NA 

11.1.1 Vegetation NA NA 


11.1 

11. 1. 1 


11. 2 Durability and NA NA 
Reliability of Dwelling 
and Site 

11. 2. 1 Chemical 
Corroaion 


TVM SVSTC 


N - MCATING 

MC • MATING ANO CUntlftC 
NMT- NOT WATIH 


aCSiUCNTIAl INTnilM 
PCnFORMA^rC chikria 
PAnAI'.HAPH 


TVfl 

SVSUM.S 


11. 2. 2 

Heat and Moisture 

11. 2. 3 

Exterior Penntratioi 

11. 3 Durability and 

Reliability of Connection* 

11. 3.1 
billty 

Material Compati- 

12.1 
H. HC. 

Malntain.-ihility of 
, HW Syatim* 

12. 1.1 

Acceaaihllily 

12. 1. 2 

Mieuac 

12. 1. 3 Permanent 
Maintainance Acceaaoric* 

12.2 Maintainability 
of Dwelling and Site 

12. 2. 1 

Accc**lbility 

12-. 2. 2 

ice Dam* 

12. 3 

Connection* 

12. 3. 1 

Acceaaibility 

13.1 Viaual Charact- 

rriatic* of Dwelling and Sit 

13. 1. 1 

X3welling 

13. 1.2 

Neighborhood 
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NA NA 
NA NA 


NA NA 

NA NA 
NA NA 
NA NA 

NA NA 

NA NA 

NA NA 
NA NA 

NA NA 
NA NA 

NA NA 
NA NA 











SUBSYSTEM PERFORMANCE SPECIFICATION 
APPENDIX A 

Spec No. SHC-3058 
Revision R- 5 
Date 6-1-78 

A SUBSYSTEM IDENTIFICATION 

r 

This specification defines the performance and installation drawings for 
the Solar II Collector Subsystem, Life-Sciences Engineering Subsystem 
Model Number SC4X8. 

A-1 SUBSYSTEM PERFORMANCE SHEETS (When installed in accordance with 
the Installation Manual. ) 

# 

Total Heating Capacity 

% 

The total heating capacity for a 96 square feet collector in 3 panels of the 
collector subsystem shall be no less than 14400 BTU/Hr under the following 
Conditions (a) Air entering at a temperature of 70°F dry bulb, 50% RH 
(b) Air exit temperature of 120 F dry bulb, (c) Flow rate 350 CFM when 
measured at in b. (d) Clear day conditions at sun position as of December 
21 at solar noon. . . ^ . 

Exposed heated panel- (baseboard or ceiling) temperature shzdl not exceed 
120°F. 

9 

Solar Collector 

2 

The Solar Collector will collect a minimum of 795 BTU/ft of energy 

■t an outlet fluid temperature equal to or greater than 172 F into storage 
where 140°F air in-flow from storage to the collector for tne following 
conditions: 

Tilt Angle 60*^ Azimuth Angle 187-1/2^ 

Ambient Temperature 40°F (outside) 

Wind Velocity 440 Ft/Min 

Date 12/21/75 2 

Noon Solar Flux Normal to the Collector Surface 300 BTU/Hr /Ft 
Longitude and Latitude 105W, 39. 5^N 
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Tq- collectoh imansportmeoia outlet tmeperature <°f» 

T. • COLLECTOR TRANSPORT MEDIA INLET TEMPERATURE 

T^« AMBIENT TEMPERATURE (°F) -- -- - - 

M - TRANSPORT MEDIA MASS FLOWRATE ILB/HR) 

Cp - SPECIFIC HEAT OF TRANSPORT MEDIA (BTU/LB °F) 

= AREA OF COLLECTOR (FT^) 

I « TOTAL SOLAR INSOLATION IN THE COLLECTOR PLANE (BTU/HR - FT^l 
(DIRECT COMPONENT ONLY CONCENTRATORS) 


FIGURE 1 EFFICIENCY AS A FUNCTION OF OPERATING CONDITIONS 
_J PERFORMANCE MUST BE ABOVE LINE J. ... ^ 
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REVIEW: 


DESCRIPTION: 


No insulation is evident in this callector. Surely performance is adversely 
affected by this lack of insulation. V* 
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j SUBJECT: Life Sciences SDR 


Collector Installation 


I OuSCaiPTJON: 


Hold down "T” section of ”FESCO’’ board does not have the strength required. 


I 
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;nsrcHENCE: 

; i>v;; No. SC4x6106 Sheet 2 

1 ~ -T' c lqseout . r .TiirZ 

; ACT ION TAKEN: ^ne rl?li piastlc/f 1 bcrijlass *U' channel discussed at the 5/24 Technical 

I Conference will provide the necessary strength to hold doim the Fesco board. A 
1 2 5/8" rigid plastic standoff tube will zalntaln proper pressure on the gosKet/ 

Tedlar Interface, 

The design Inpoccd no strength requirement on th« Fesco board. 
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REVIEW ITEM DlSCREPANCYfRID) 


TRACKING NO. ~\S-b 

DATE: 5n\ni 

ORGINATOR: E. dimon/EP-15 

SCHEDULED COMPL: 6/24/77 

/,C.'iGNED TO: 

NASA CHAIRMAN: 

ACCEPTED .'lY; 

J Caudle 


PAGE 

RID NO. 

END ITEM NO. 
REVIEW; 


Installation is complex for average field installer - more factory pre-assembly 

J r I ■ ' 

needs to be done. ~ l .. 




|';En.n:.NCE: 

j lif l.ill ulion. Onc r.Ttion .-ijn.! Maintenance Manual SHC-3070 

. .r. rr.::r:... closeout L’'- r:-::~ rrirzrrrjr.“~jrz:r::r:ri^^ 

1 / CTj'uN TAKEN- ul ar t ic/l 1 Ltjrsi-ai. *U' v-.na spec ini curveu *si;u connecters will 

] ^ slr.pilfy Instiklljtlcn. r.hciG extra cost IteariS are listeu in the upnre rarts i-lct. 

I The redlnr/H-iiar fra-’o can t>i pre-assesbleu as provided or. the 1st 3 eellvered Iteas, 

I As an vxtra cost oitlcn.a cctruletc issen;bly v;ith custom designed insulation, end 

I ccrnoctcru nnl a cr-plcte Ins'tsllntlon /.It can be provided. This custox design 
I requires tne custeter to supply cetalled drawings. 
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?. Id. ScOLf Ig-^ 
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Ng^A PROJECT CLOSURE: ) 
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TRACKING NO. 
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OP.GINATOR: E* Sunon/EP45 


DATE; 5/31/77 


SCHEDULED COMPL: 6/24/77 
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RID NO. 


;iG\LD TO: 


• CCEPTED BY; 


NASA .CHAIRMAN: 
J. C.iu4K‘ 


END ITEM NO. 


REVIEW: 


::v;:ijEcT; 


Life Sciences SDR 
Collector Inst il’ ition 


.JSCHIPTION: 

Lnaclequ.ile insulation between flashing and collector 



I RZ FE ncNCE ; 

Dwg No. SC4X8106 Sheet 3 


J CLOSEOUT 


ACTION TAKEN- Lw5T"5C‘iAc5iUo liev A oneet "3 nas oeen cnangea »;o increase insuiatlon b^cwee.n 
‘the riashlng and. the collector. The *Z* end connec tor^^ has been ch/mged to a curved 
end connector* The ch'^nge permits and aadltlcnal 2"x2 x Fesco Insulation above 
this carved end connector* The Fesco cant strip has been Increased In sl^e for 
additional Insulation. 
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Life Sciences SDR 


REVIEW ITEM DISCREPANCY (RIO) 


DATE: 5/31/77 


SCHEDULED COMPL: 6/24/77 


NASA CHAIRMAN; 

J Caudle 


PAGE 1 

OF 1 

RID NO. 


END ITEM NO. 


REVIEW: 



Collector Stagn.ition Teats 


DE.SCRIPTION: 

Collector sLagn.itioii testa should have openings closed (not stacked flow) 

/ 


KEfERENCE: • 

Si’cond Quarterly Report 4.3.2 


" CLOSEOUT 


ACTION TAKEN: Stasttatlon tet,t were sade with the openlnirs closed. These tests were con- 
ducted on V6/77 and 4/22/77 as Identified In the Second .iuarterly Report on pa^es 
4-11 ana 4-12. 

At nany other times when the collectors wore not being used for testing, they wore 
In a stagnation condition with Just stack flow (convection flow). 
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KEV^iV: f 

[un^rzCT: .. } 

Life Scionvtis Engineering 

f Soldcrinrt Aluninun Solnr Collector structure 

^ •^..C ' • TJC'J; 
f 




t 

, Aluni e.uin s<) ld<*r ine, to obtiin o reliable structural joint is very coinplex process and requires 

j iiriot; control ef ti.ne, tei'ipcrifjrc , and surface preparation. Dcvelopr.'.ent of technique and 

eyp.-r ienc*: will involve considerable expenditure of time and materials. Complete removal of 

1 the very aggressive fluxes, to prevent corrosion could be difficult. Corrosion protection 

I alter solderint' would be. helpful. 

1 ■ 

1 

1 

1 

1 

i 
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REVIEW ITEM DISCREPANCY (RID) 




Forcirg tcdlnr glazini*, into the "H" bar’ especially at the corners of the 
collector will pi. -.c^^ concentrated loads on the aatcrlal and possibly dccreascj ^ 
cxp.'C*^etl life. The .sharp edge on the "H" bar and the corner joints of the 
”11*' b.ir arc places whore the tedlar could be cut or abraded dueing | 

installation and use. 


THACKING NO. 
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DATE: 5-27-77 

PAGE ; 1 OF 1 

ORGirjATOR: 

M. L. Roberts 

SCHEDULED COMPL: 6/24/77 

RID NO. 

ASSIG.NED TO: 

NASA CHAIRMAN: 

END ITEM ,NO. 1 

ACCEPTED BY: 

J Caudle 

REVIEW: i 

G'JCJECT: 

Life Sciences Engine, 
Securin.r Tedl.ir f?la>: 

•ring 

ng to "H” b.nr , i 

1 

I 

• 

^ .X.^llPTJCN: 

■ 

' 



K.EFtPcNCE: * 

.'"‘n 
\ / 

Drawing No. SC4X8I06 and SC4X8101 
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closeout: ■ ■■ . 



!TZZ 

..1.7— i 


mCTiOiI TAKEN; 2>jTie inn»»r corner cf the H-iiar channel Vs roumled to l/15*as snown In 
the lOM .■•ianunl.dr'*wl.'i»t. The Inner ed^es of the H-dar will be checked for rounl- 
ness and rounded where necessary. This Is also noted on 5C^jl8l91 Sheet 2* 

The Inner edge of the H-Ear will be rounded to a 0.062 radius. 


We. have not experienced ,anjr*cuttlns of the Tedlar to date, 
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'bf'itni 


biZAlll ;\:D 


\TC'<: l]* rndt»ii , /vr.tr.ony 


:r:sD ^O: 




n-r,^t should hnve rou;.ci.'d ediics to prevent darr..ige to tcdlar. 


G1.i;. 5 is lIi! wii witli silici)nn U-ch.mncl in H*Bar (1-2) but not around 
rei-.aiains edges. / How is glass restrained in collector? There 
should never be any glass to x.etal contact. This is unaccpptable . 


Tit;\ TI rnt- 1 . 1 . .er cor.ier oi' the n-onr 'chtif;n*e L is rountt«a to as' shot;ri~lri 

In Zr.'i ICi-i M'lnu il. 'Irnxinr'r. See also 7A'i“10 . The Inner edge of the n-bar will be 
rcunuca to a 0.0t2 radius. 


2. 'jlass is protected, on the 3 rCiTial.nlns sides by a silicone rubber strip or appro- 
priate oaterl.al preventing glass to netal contact with the 3/^" channel* Dow- 
Cc'*nlr.g HTV 732 adhesive is used to prevent glass to metal contact with the frace 
sides and ends. It is also used to retain the glass as shown In 3C4X8101 shest 2, 
Hev A shev; this In 1-10. Sheet 2 also shows the sltloone rubber strip In l-ll. 
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J Caudle 
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RID NO. 


END ITEM NO. 


REVIEW: 


1 OF 1 


oe.,- s 

c;,\duu 


£ show installation of glass and gcaket. How is gasket and glass retained 


riti. .Cc 


J CLOSEOUT 




, be retal.ned with ilow-Corn la.5 HTV 

, 0 . 
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Ol4lL<i/c. 


naj;a project closurf 


DATE: (5.Z.1.T7 |dATE: i V-/ 
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REVIEW ITEM DISCREPANCY (RIO) 


DATE: S/2^/77 


PAGE 1 


OF 1 


SCHEDULED COMPL: 6/24/77 

RID NO. 

NASA CHAIRMAN: 

END ITEM NO. 

J C.HirJle 

REVIEW: 


•LSCr.JPTlC.X'; 

1. 


Ri>;ht hand projection is rcver.sod (channels on wrong side). 

MeC?:od of att.ichinq U ch.'innol s and cross channel to absorber (rivets) is very ^ 
suspect to cause'" local buckling of absorber plate. Qf* ' 




CLOSEOUT 


•CTIO.'l TAKEN: i» hroj'^ctlon was corruccea on Aav a Sneet 1. 

2. Methca of attkchlny; *U* ch;jnnc!l3 to absorber panel >fas revised at the Technical 
tlovlew on 5/24* with l/4**x5/32" obreund holes for rivets with washers. The Technical 
Hovlew also Cecorajiended 2 boltjj to hold the absorber panel to the cross brace with 
the •(!* channel, as shoim on SC4X3103, Sheet 1, rtev B, Sheet 2 Rev A and Sheet 3 Rev 
A. 


CTION OYJACT^ONEE): 






APPROVAL (SUPERVISOR): 


Qixt I 


ORGI NATO^^J^ 
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REVIEW ITEM DISCREPA?OCYlRID) 


A.it'n .ir.y | 

SCliED’JLED CO.V^L: hi LA} 11 


RID NO. 


f.'AEA CHAI R.V.A:. . 

.T. Cpik!!.- 


r/. NO. 


REVIEW: 


r.d .ectioa*; on Sho>'t i-2 art not drawn in the correct orientation in relationship 
catti;i,; tl'’nc an Shoj t and arc not complete. 


r 

f' ■' 

/:>~0 ivr't 

• r- .1 > . i 


3* f 5 '■■ 

f 

/ 

/^rori^C* rirc/ 

•" * , ♦ , 


N ./ f • , / ' f f , 

/. ' > c; Til «<» »\ I T < Co rrr e * orre^i'r r.v?- ^ 

/ X ^ / .m. ' »'* 

y- . UJC f , V-1^ 3 

.. ’ 7^/0 COM CiesSOr- 


onaitL ?ryss. 


Lib. Con 


;k, ;io£-^rr, 

64 - 13335 . 


CLGSECUT i 


f.v.LN; o •; tr Into a tornor, plac„*j c :.7 

V ;rtia il* ( E”) loi' cf 1-1 to t.n;- viewers left. iiectlon L-r Is taken looking icn.^l tud- 
Into n corner, • This places the vertical (1 1/2”) leg of i-2 to the viewers left, 

Vl?w C-C In the unrevlced drawing Is a view of the lower (Inlet) end fro.Ti the bot- 
tcr. (roof) plane. This places the end lenber (1-2) to the viewers left. View U-D In 
the unrovlsed drawing Is a view of the lower- ( Inlet) end fron th top (solar side) 
rluno. This places the end sensor (1-2) to the viewers right. The view was the o:.ly 
Ir.ccrroct -raV.'ing, the.sheot wns obsoleted ana replaced, ,, 
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END ITEM NO. 

i ACCEPTED 3 Y: 

RLVIEV;: 


:^UrOcCT: 


'.i fo Scif’xccG 
r . FC'tX.Sl06, shi!ec 2 




Til’ cuv.T Clash.ni; as slmwin;: is crimpinj; Che todlar covers. It should be made as to 
* noc ii’.ir directly on Che todlar. Tcdlar criirped between 2 pieces of necal ’vould bo ' 
vorv vj; •.’••ct to failure' ac chi: point. If more details had been drawn on this drawing, . 


the at' »ve would have bi-Coi more obvious. 




> w I V. . 


Ifk. 


n CLOSEOUT Z". 


•■'Cl IC-'i TAKEN- HevlaeU a:v.-^in« oneet shows .a i i/^*' piastlc/l'l oerglass *U’ 

c‘nai:nui for the flashing. It will hold dcim the Fesco board, Wiiere the *J* 
channel/resco board Interfaces with the H-bar/Iedlar , gaskets will be used# 


C^*U. ti.Ui- Scarlo.'to- ^OLrl Ucod ^oIn*) (CV.Cfl.udl^ - 

ACTION DY (ACTIONEE); 

APPROVAL (SUPERVISOR): 

ORGINATOR: 
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EDDLED COVPL: 6/2-1/77 


r.'AoA CHAIfiV.AN: 


RID rjo. 


:d item ,\’0. 


I'Tir.'S, 3 


■;!i fl .:U:rr, is to close tc "Z” flow channels and does not allow adequate space for 
e;l .’.tion. The "Z" ch.inne 1 ' ecu Id be nade as a curved piece and/or the f lathing 
.c.-.Ic be r"ved further away fro-.i the "2" channel to allow space for insulation. 


CLOSEOUT 


hows a cuTved end connector replac 
n additional 2*x2"x44" ?escc Insul 
strlD has been Increased in size f 


he '2* 
above 
lltlonal 


burl 


rev. CflLuJle 
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APPROVAL (SUPERVISORJ: 


ORGirJATOR 


NASA P.-tOJECT CLOSURE 
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TRACKPJ3 NO. 7LS-17 

DATE; S/7A/77 

PAGE 1 OF 1 

C'l'.i'.ir.Al OR; Ik riiflon, Apthc'uy 

CCMEDULEDCOMPL; 6/21/77 

RID NO. 

ASr.lGIJEO TO; 

NASA CHAIRMAN: 

END ITEM NO. 

ACenr-TEO BY; 

J Caudle 

REVIEW: 



i 

i Lift S'ci-jMces 


r 

1 

•n.«I ;il l.it ion Dvj>; . SC4XS106 (sheets 1-3) 

1 

1 


LiloCRJPTlON; 


T’;:- '’r.'wing depicts rafters on want looks like 4b" centers. This is not normally the case, 
jonrtruetjon was 16" centers and some later construction is 24" centers. If the •' 
:nlet .;nd outlet ducts arc routed ns shown, from half to two-thirds of the rafters would 
h.ivi- to be cut. This would be unacceptable'. Please explain. 


iR'-TRENCE- 


J CLOSEOUT C 


ACIIOIJ TAKEN; The SC4Xa Collector was baselined lor ratters spaced 4 teet on centers. 

It was prlirarlly designed for stand-alone 'units and roofs with rafters spaced 4* o.c. 
However, air blo'cks can be welded Into the openings where the 24* rafter or 16" raf- 
ter would pass, underneath. These air bl.ocks would be Installed the factory. 
Special 22" and 14" end connectors wonlu also have to be ordered fro® the f ictory. 

In no way should rafters be cut . • 
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I PATE: q/ 2 3/77 I 

[ sc’if.ruirr) rcr/iHL; 10 / 24/77 i.cioNO. 


SL/3JtCT: L,ife Sciences FAR 

Solar I- 'i I'-ncy Calculations 


! DSoCmPTIO.M: 


All efficiency calculations nnust be based on gross collector area. 


iRErCRENCE; 

I ASHRAE Standard ^93, 77, Methods of Testing to Determine the Thermal Performance of Solar Cls. 

__ jc bosEoirr ' _ 

ACTION TAKEN: 

‘\o'j ::i.;;ric i’-- ' -cn e.t'.ntj ins an extra coiljnn, eriCitJou, i.. 1 ia Tjne y 

Tct ii :*er. , .•' .irn zr tnin re.ju i rerent. 
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SUBJECT: Life Sciences FAR 

Dcsi^^n Brochure 


DESCRIPTION: 

StiiLement, "one half of the Ft“ -of the house will s.-ive 75% of the fuel costs." 

This is not the optimum condition economically and it is felt that a statement saying 
that collector sizing should be individually based on local economics (fuel costs, etc. ) 
Climatic conditions and house heat loads and usually runs between 1/3 to 1/2 the 
house square fcotave. 



REFERENCE: 

Design Brochure under Typical Installation Arrangements 

~ ' I L ' "jCLOSEOUTr" 

ACTION TAKEN: 

liic; D.vni Ml crochuro will be chanetd to Include this wording. 
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REVIEW: 


SUBJECT: Life Sciences FAR 


! Colieclor Glass 

L 

1 DESCRIPTION: 

The collector would be better to bo assembled with the glass to assure a weather 
proof unit. This function is better performed in a regular assembly area, not in the field. The 
savings in sliipping would be offset by assembly. Manufacturer must warrant the service of 
the unit which v/ould be extremely risky for a field assembled unit. 


REFERENCE: 

Dcsig:i Brochure 

~7 J CLOSEOUT ^ 

ACTION TAKEN: 

i- •.Ill be at the distributor level or at the ruu-contJ*ac’.or *s 

f icllity/riri’.b. It Is not roccnicenclod as a field operation. The warr.-nty :;ill 
reflect this policy. 
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1^/^ n j / 


JATE: 


4 


/ ?>7 7 




A-..'. RO^L (SUPERVISOR): 

or.rufAicH/^/V ' 

OArE:^^/5>> 

DATE//'^ '/t'""//’ 




PRO 'eCT CLCSun 




r /.Tt: ‘*/ //yy 









I.J*V 





















APPENDIX C 


CERTIFICATION TEST REPORT TO 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
FOR AIR FLAT PLATE COLLECTOR 
QUALIFICATION UNIT MODEL SC4X8 



Not 






IiNTHCiJUCTlCN 


This dociment constitutes the certification of the Life Sciences 
Engineering Air Flat Plate Collector, SC4X8. Each major element 
of the certification plan Is delineated, together with test pro- 
cedures, test results, comments and approval signatures* A separ- 
ate section Is provided for each of the major elements keyed to 
the pertinent paragraph of the Certification Plan. Each section 
has a signature block to Indicate approval status of the section. 

Upon satisfactory completion of the Certification Test, the Cer- 
tification Agency will affirm the following certification. 

CERTIFICATION STATEi-lENT 


The Solar II, Air Plat Plate Collector, was tested for oper- 
ational performance and structrual conformance to specifica- 
tions directed by the National Aeronautics and Space Admin- 
istration. The design and structure of the collector are 
consistant with applicable national standards* The Solar II 
Collector successfully passed all tests and was evaluated 
as efficient and safe for public use 
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Test/ Engineer 
Life Sciences Engineering 





test director J 

Life Science? Engineering 



fjjhltectural Engineer 
:allation Drawings 
Mslallatlon, Operations, 


5 fm|ntenance Manual Sections 





1.3 COLLaCTGR 


Farforaanca taat dates snail be provided for three 
Specific test condltlone: 

1. Noraal operating conditions, noalnal Input 
air taaperature 70°F, 

2. Noraal operating conditions, noalnal input 
air teaperature 140^F. 

3. <3tagnatloo teat « Input and output ducta 
blocked. 

1.3a TSdT DATA 

Teat Data shall consist of data logger printouts 
together with an Identification listing of each oeasurooent 
logged. This data shall include priaary air flow through 
collector as deteralned by a Thoaas flow seter; collector 
air Input teaperature as aaasured by copper-constantan 
tberaocouples (3) located no closer than 5 Inches froa the 
collector plenun chaaber Inlet In the direction of priaary 
air flow; collector air outlet taoperature as aeaaured by 
copper-constantan theraocouples (3) located no closer than 
18 inches froa the collector plenua chwiaber outlet in the 
direction of priaary air flow; collector absorber plate 
teaperatures as aeasured by copper-constantan theraocouples 
ceoented to the back-surface of the absorber plate at points 
Indicated in Figure 1; solar radiation as aeasured by an 
Sppley dpectral Pyranooster; aabient wet and dry bulb teapera- 
turss as aeasured by copper-constantan theraocouples; relative 
huoldity by calculation; collector efficiency by calculation 
and tioe. 

1.3.1 COLLiCTOti ZFFICIaUCY 

Collector efficiency shall be evaluated froa the 
operational test data collected under 1.3a. 

>\ - BTO outpu t 

' ' BTU input 

- (Maas Flow of air) (specific Heat Air ) - 
(insolation in BTU/ft^) (Collector Area) 
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Figure I. Absorber Plate Tharaocouple Location 
ileelew of Iteaa 1.3 through 1.3*1 auccaaafully oooplatad. 



2.1 DtJlGN Gu*\DITIuN3 



The collector shall be operated and tested at noainal 
dasigo tesperaturea and flow rates Ln accordance with the 
following paragraphat 

2.1.1 CAPAalLITISi 

The Life oclenoea Engineering Test Facility Includes 
the test equipment listed above in paragraph 1.3&» and In 
addition, a 100 channel data logger capable of deriving 
thermal data from RTD' a, aa wall aa thermocouplea. This 
data logger is provided with a line printer to record all 
data In a sequential and repetitive mode. The test facility 
Itself consists of two ^ully , Instrumented test calls <j^apable 
of testing either one 4 x 8 Collector or four 2* x 4 
collectors and a third, unlnstrumented test cell. Air 
flow rates are develped by a primary blower with each test 
cell astered Independently. 

2.1.2 N0I4E OR SiOoION, CORROotON 

Excessive noise attributed to the collector itself will 
be subjectively assessed at several different flow rates. 
Inspection of collector frames, etc., will bs 
mads for evidence of erosion and/or corrosion. 

2.1.3 OPERATIxNG CONDITIONS 

The collector shall be capable of operation under condi- 
tions expected In normal service without breal^age or slgnifi- 
cant degradation that could Impair their use. Review draw- 
ings. 

2.1.4 FLUID FLOAi IN COLLECTORS 

Each test cell air flow rate is metered Independently, 
mhould equal flow In each cell bs required, dampers are 
provided for balancing flow. 

2.1.7 PREbdJRE DROPS 

Pressure drops will be measured utilizing a Dwyer Micro 
Tector Hook Gaga (mlcromanometsr } with ports at the collector 
Inlet and outlet. 

Review of Items 2.1 through 2.1,7 successfully completed. 

LoE T«st Engineer 
L>3E Approval 
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2.2 :4£CHAiNlC/X JlKXid 

Maobaolcal atraaa oa tbe dolar II Collector a bava baaa 
alnlalzad by dealgo aod will be tasted aa followat 

2.2.1 VIBRATION 

The collector baa do aoviag parts. Tba only vibration 
expected in service is that induced by surface winds and 
priaar;/ air flow. Inapectioa of collector for vibration 
during blower aotor operation. 

Review of Itea 2.2 tbrougb 2.2.1 auccosafully 
ooapleted. 


feOGINAt PAGE IS 
QS POOR QUALITY 
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2«6 H&AT liuijJ aFiR FLUID QJLinLITI 

Quality snail be daoionatrated in tbe following 
paragraph at 

2,6.2 AIR gUiiLIT^C 


The collector daaign reflects ainiaal dust colleotioo. 
Dust could accumulate over a long tiaa period resulting 
in reduced efficiency. Inspection of plenua cbaaber. 

Review of Items 2.6 through 2,6.2 successfully coapleted. 



PAGE js 

3.1 iTHUCTCilAL D£aIGN BASS ^ Ott ^ ^ ' 

Tha L^ <90lar II Colleotora war# daaLgaad to ba . 
opar&ted at a fixad tilt angla of batwaaa 50° and 70^ 
froo tba horizontal plana. Tha following paragraphs 
dallnaats tha cartlflcatlon raqulranantat 

3* 1.1 APFLICABL£ dTii^DARDd 

daa rafaranoa docuaanta In paragraph I, Introduotion, 
Cartlflcatlon Plan 

3.1.2 iSiVI3£ LOADd 

■aiapla atatlc tasting will ba carrlad out to aloulata 
loading anoountarad In usa auoh as wind loads, handling 
and transportation loads, Installation, noraal operating 
and stagnation teoparature loads. 

Tha following loads shall ba usad In evaluating the 
structural design of tha collaotorst 

Dead Loads shall ba calculated using tha actual weight 
of the oollaotor. Calculations shall be based on gsnarallf 
accepted anglnaarlng practices. 

Live Loads shall ba evaluated In accordance with 
MPS 601-4, to consider tha weight of all aovlng or variable 
loads on the collaotors. For the collactors designed for 
a tilt angle between 50° and 70°. the live load sbedl be 
15 pBf, on tha horizontal projactlon of tha oollsctor are^. 

dnow Loads on the collactors shall be evaluated In 
accordance with AK>aI A56.1. 

wind Load effects on tha collector structure shall be 
evaluatad In accordanca with i4P<i standards for rcpff. The 
analysis for collectors designed for 50 ° to 70° '*lt engl# 
shall show capability to withstand prasaurss acting inward 
normal to the surface, equal to tha design wind pressure. 

Earthquake Loads analysis for the collectors shall be 
based on the latest available Uniform Building Code. 

Constraint Loads caused by tha aovlronaant shall be 
Shown In the year history of tha prototype collector that 
has been In dally stagnation testing, dasples of Tedlar 
are avallabls from Indoor storage, tha outer glazing and 
the Inner glazing. The Inner Tedlar glazing had the more 
severe constraint load, high stagnation temperatures. 
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Cocatralnt Lo&da iDducad by dLffarential foundation 
sattleoiant affects on the collector are considered NA aa 
IK 3.8.1 considers conventional eleoents as seating this 
critaraon. All coaponents ara considered convantional 
eleaenta, 

Ica Loads shall be analyzed in accordance with IK 
load coabinationst 

(1) 1.4D 1.71. 

(4) I.ID 1.3L 1.7W 

The aean annual number of days with glaze variaa 
froa 4 to 8. 

The Live Load calculation for ice will ba a 3/4 inch 
thicicnass. 

Hall Loads analysis shall be developed in accordance 
with IK which Indicated 4 to 6 days of hail par year which 
astiaates the hail size at 1.5 • NAdA test data on Tadlar 
is request ad to support this analysis. 

Vehicular Loads ara considered NA as the collectors 
will ba on structures away froa roads. 

;4ea8uraaant of deflection on different aeabars due 
to loads applied (static) with tha collector in the 
horizontal positiont An initial pre.load of 10 to 20 
percent of dasign load will be applied aa a baseline and 
additional increaented loads will be applied until aaxi- 
aua load is reached. Observation of connections will be 
aade during this taeting. 

dand or water will be used to siaulata uniforo static 
loads. Twisting, racking and dropping will ba used to 
sioulate shipping, handling and installation loads. 

The yield and ultiaata strength using appropriate 
safety factors for tha type of aatarials. glass, tadlar 
and aluoinuo alloys together with the deflection lioits 
allowed by design raquiraaents and operation will be used 
as criteria. Observation of any permanent set affecting 
perforaanca of tha collector will be daeaad unacceptable. 

3.1. 2.1 LIV£ LOADd 

Dynamic loads such as incurred in handling batwaan 
final production and gCtual installation ara delineated 
in tha following paragraphst 

DROP TSdT 

>fith tha colle(^tor on a flat horizontal surface 
one end is raised 6 and allowed to drop to tha horizontal 
Surface. T^st is repeated for a total of 3 drops from a 
height of 6 . 

No permanent daforaation shall taka place. 




3. 1.2.2 RACKING TSoT 

«lth tha collector on a flat horlaontal surface 
one and is re). sad 6” and total collector weight li 
supported by only oca corner In contact with horlsontal 
surface. 

No peraanent deforaatlon shall occur. 

3. 1.2.3 OFQUTIONAL 

Observe absorber panel for deflsotioo and/or tauoKl* 
Ing at aaxlaua operating conditions. 

No peraanent deforaatlon shall occur. 

3. 1.2. 4 FLKNUa friRddURIZATlON 


Vltb the collector Installed at a 60° angle and 
Tedlar cover reaovad the air flow rate is adjusted by 
iDoreasing flow or ob^ftructlng plenua outlet until a 
pressure of up to 0.2 of water Is developed In the 
collector plenua chaober. Abeorber panel deflection 
is aeaaured prior to blower atart up, during steady 
state operation at 0.2 or water and after pressure 
release at points indicated in Figure 2. 
r w —n 



Figure 2. Deflection oeasureoent points of absorber 
and back plate. 
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3.3 Diu4AGS CONTROL 

Th« atructural •iadaota and oonnaotlona of tha aollaotora 
ahall withstand aarvLca loads without daoaga aa daaorlbad 
Id tha following paragraphsi 

3.3.1 AZdIdTANC£ TO DA^^OC 

M/A 

3.3.t GLAZING D£dl(a( 

iaa the following paragraphat 

3. 3. 2.1 Glaaa Loading on Aaaaably Without Tadlar In Placa 

'With tha oollaotor In tha horlaontal MSltlon, tha 
oollaotor la loaded using water (5.2 Ib/ft^/in) up to but 
not axoaadlog tha design load (13 lb/ft«-^aad lead) In 
3 aeasured, equal Incraaants. 

Deflectlona in the glass and supporting seabars ara 
■assured at the points Indicated In Figure 3. 



Figure 3. Deflection aeasuraoent i>olnts on glaaa 
■ountad In collactor without Tadlar. 


1 


1 


Upon reooval of load collactor shall not exhibit 
any paraianent deformation. 

Loadins on Tedlar Outer Glazing Installed in Collector. 

itfith the collactor in the horizontal position, the 
Tedlar is loaded with water until the Tedlar cooes in 
contact with the glass over 50^ of its area. 

Note: A suitable dao around the perimeter of the collector 

will he utilized to enable a water depth of at least one 
Inch to be achieved. 

Deflections in the supporting asobers are measured 
in the horizontal plane at the points indicated in 
Figure 4. The loading required to cause the Tedlar to 
first contact the glass is aeasured. 

The collector outer glazing shall also be tested 
for air leakage and water infiltraion in accordance with 
A-3T24 £283 and AdTI4 £331 respectively. 

Physical Load teats shall be conducted in accordance 
with AiTH £330. 

Glazing shall comply with the manufacturers directions 
for installing Tedlar, and the experience of the NA4A 
test program on Tedlar. 

The inner glazing of glass shall have a oinioua 
clearance on all 4 sides equal to the thickness of the 
glass, dealer space between the face of the glass and 
fixed or applied stops shall be sufficient to prevent 
glasa-to-oetal contact. 

Upon removal of the load, the collector structure 
and the Tedlar shall not exhibit any permanent deformation. 

3.3.2.3 Tedlar dervice Loads with the Tedlar mounted in an H-bar 

frame, the Tedlar is loaded to determine its tear resist. 

anca at the corner of the frame and pulling out of the i 

H.bar. 

Tedlar shall not pull out of the H-bar or tear at 
the corners. 

{ , 

This test may be performed in conjunction yith that | 

of paragraph 3. 3. 2, 2 or separately on a 2 by 4 collactor : 

and will be utilized to verify that H-bar radius and corner 
stress concentrations are acceptable. || 




Figura Daflaotloo osasuraataot poLota on oollactor 
aupportlDg aaabara, 

Raview of 3.3 tbrougb 3*3.2.4 auccaaafull; ooiplatad 



Approv 



3.7 KAIL rl£dl iTAi»Ci; 

The collectors shall be capable of resisting iapact of 
hall without unacceptable daaage as described in the follow, 
lag paragraphs; 

3.7.1 HaIL iUZZ loading 

Evaluation of the Tedlar glazing to withstand the hail 
l3ipacs will be based on the results of the NAdA Tedlar test 
prograi, 

ftevlew of 3.7 through 3.7.1 successfully completed. 



71 


3.9 PONDING CONDI nONJ 


Tba only surfaca of tha oollaC|i^orB in a boriiontal 
plana capabla of ponding ia tba 1/6' groova in tha alugii« 
nua„H-bar, Howavar, tbia groova ooataioa ladlar and a 
1/8 plastic splina. Hanca, Inapactions will show tbara 
la llttla roo« for ponding. Tbara ia axpaotad to ba 
ainiial oollaotion of water on tba taut Tadlar at anglaa 
batwaen 50<3 and 70O« Observation of teat artiola under ralD 
oonditiooa will ravaal auob to ba tba oaaa. 

3.9.1 DS4IQN PROVIdlONd 

Tba oply surface of tbe collsotor in a boriiontal plana 
ia tba 1/6 ebannal in tba aluainua H-bar. This jjhannal 
contains silicone Glue and oaal. Tadlar and a 1/B plaatio 
Spline. In addition, on tba bottoa edge of eaoh aolleotor 
a drip flange ia provided to overlap tbia groove in tbe 
next inline collaotor or tba collector-roof interface* 

■spray collector in place with gardan boas and inspect 
for ponding. 

3.9.3 Daforoation resulting froa stagnation taopsraturaa 
uitb tba blower not operating. A steady state atagnatiOD 
teaparature will ba acbiavod. (Obaarvad aaxiaua taaperatura 
acbievad with insolation at rata of 300 BTU/ft* for at least 
30 laiautes) as deterainad by tbaraocouplaa as in paragraph 
2.2. (Constant taaperatura 5*^ ovar 45 ainute tiae period). 
Detaraino the aoount of deflection and buckling in tha 
absorber panel* loaadiataly upon coapletion of tha stagna- 
tion teat, nofflinal airflow is to be astablisbad (120 CF^}« 

Tha deflection and buckling of tbe absorber panel is again 
deterainad until norsal steady state air flow conditions are 
astablisbad. 

No paraanent sat in tba absorber panel shall occur. Tha 
absorber paint surface shall incur no degradation. 

3.9.4 Tbaraal ^ock with the collector oounted in oparatiag 
position and shaded froa tbe sun, deflection buckling is 
observed when tbe collector is suddenly exposed to tbe sun 
(insolation at rate of 300 BlU/ft^). 

No peraanent set in absorber panel shall occur. Paint 
surface shall not show degradation. 



5.0 HAZAxU) 

The following paragraph dellnaatea the raqulrad 
hazard analyala. Paragraphs are keyed, in parentheala, 
to the Verification Plan. 

5.1 FIRE iirtFSTY 

The design and installation of the oollsctora 
shall provide a alnlaua level of fire hazard. 

Review of aaterlals list and aanufacturera 

data. 

5. 1.1(4. 3.1) APPLICABLa: Fliu: BTAKDaRD^ 

Local building codes will be utilized aa wall 
as Factory Mutual, National Fire Protection Association 
ana Underwriters Laboratories otandard will be utilized. 


Review drawings, specifications, aaterlals list 
and Installation, Operation and Maintenance Manual. 

5.4(4, 6) ^ PROTECTION OF POTaBLE waTER aND CIRCULATION OF AIR. 

The collector design and devslopnent carefully 
checked that no oaterlal, fora of construction, 
appurtenance of Itea of equlpaant snail be eaployed 
that will support the growth or alcro-crganlsaa or 
introduce subatancea lapuritlea, bacteria or chsaioala 
Into the circulation air sy steal, in quantities 
sufficient to cause disease or hsu'iaful physiological 
affects. Furtheraors, the following applicable Itaoa 
will continue to be aonltored. 

daoe aa paragraph 5.1 evaluation. 

5. 4. 1(4. 6.1) conta:4INaiion by .^ATERIaLB 

oea paragraph 5.4. 

5. 4. 4(4, 6. 4) GROWTH OF FUNGI 


No significant fungi growth will be exhibited. 

Inspection of test collectors, after exposure 
to ataoaphere likely to produce fungi growth, and 
review of aateriala Hat for eleoents that will 
Induce or support fungi growth will establish that 
fungus growth will be insignificant. 

5. 5(4.7) EXC&ddlVE 4 JRFaCE TE.4PERA1URER 
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Ttaparaturta of axtarlor aurfaoaa of 
oollactors aball oot oraata \ batard aod abalX ba 
obac^ad aa follows: 

5.3.K4.7.1} PROTiX:TI01i FHOM U£AT£D GOI4PON^T^ 

Only tba lowar borixootal adga of tba oollaotor 
will ba accaaalbla to public traffic. It la not 
ooroally azpactad to raacb taaparaturaa of 140Of or 
■ora. Howaaar, an alaotrlc powar fallura aay oausa 
tba taaparatura to raaob batwaan 140°F and 160^F. 

Tba taaparatura of tbla coiponant will ba aoDltovaA 
during atagnatlon taata» If tba taaparaturaa raaob 
tbeaa Halts. Insulation will ba provldad wbara tba 
oollaotora will ba inatallad naar publlo traffic. 

Ravlaw of Itana 5*0 tbrougb 5*5 auccaaafullj 
oooplatad. 



^nglnaar 


yn^c CJmc, 

iartlflcatlon Officer Approval 


Approval 


‘7/K 
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6,1(5) 


6 . 1 . 


6.1.3 


6.1. 4(5.1. 


6.1.5 


6.1.6 


Tli« collBCtors ^all cot ba affactad by axtarnal 
anvlronuant factors to aa axtant that will algnlfl- 
caotly lapalr thaLr function during tbalr life 
described In tbs following paragraphs: 

iOLAR DEGRADATION 

Collector cooponents and aatarlals bava bean 
expo sad to UV for 1 year undar Colorado waatbar 
conditions. Tha Tadlar outar glazing of our axparl- 
oental X4xl0 aodal bas undargona axtraaa stagnation 
hast tasting wltb tenperaturas of 180°F avary sunny 
day without degradation. 


AIRBORNE POLLUTANT d 

No data Is currently avalabla as tba teat 
facility anvlronoiant is relatively pollutant free. 

If airborne pollution contaalnatlon la found, analysis 
of saoplas will dateronloa tbe corrective action to 
be taaen. 


DIRT RETENTION ON COVER PLaTE ^RFaCE 

Dirt retention shall ba monitored by photograph- 
ing a small target behind tbe outer glazing and record- 
ing waathax conditions. During long periods without 
precipitation, dirt may be washed off by hosing after 
photographic data has been taxan. 

ASLioIVE WEAR 


Engineering analysis and data on the Tedlar 
glazing that has been In environment testing for the 
past year and surface hardness specifications will 
be reviewed. 

FLUTTER BY WIND 


Outer glazing flutter by wind will be minimized 
by proper tensioning the film during fabrication. 
Wind flutter will be oheck.ed by Inspection during 
wind conditions. Wind and temperature data will be 
taxen by our Instrumentation. 


Review of Items 6.1 through 6.1.6 successfully 
completed. ^ /* 

€a^ 

LoE X6st Engineer 


LoE- Appr pvaL 






/ Ca/^f l^atloiTof f leer Approval 
/tt 

NiXaik annmvAl 
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£.2(5.2 ) SCtfiRAIUiU AND PR£;9^R£ xlA^iTANCS 

Coll«otor componsats bmv« b««n d«aigp«d to 
par for a thair intandad funotion of tbalr daaign 
Ufa uban axpoaad to oaxiaua taaparaturaa that 
oould ba davalopad In tba ayataa aa followat 

6.2.K5.2.I) TH£RMAL 02GRADATI0N 


Data wLXl ba auppliad on Tadlar and abaorbar 
paint dagradatlon. fffaota of tbarnal dagradatioB 
Mill ba aonltorad aftar atagnation taata and 
raoordad in tba taat raport. 

6.2.3(5.2.3) TH£RHAL CYCLING 


Tbarnal cycling la conaidarad an inportant 
taat aa it nay atraaa tba innar glasing, if tba 
blowar atarta wbila tba collaotor ia at aub-saro 
taaparaturaa. 

6.2.5(5.2.6) TRANaadaON LOddEd DUS TO OUTOiddlNO 


Outgaaaing ia axpootad to ba aininixad by 
ovan baating of tba abaorbar coating aftar paint- 
ing. dubaaquant outgaaaing during oparation would 
ba notioad during inapaotions aa a fina coating 
on tba intarior aurfaca of tba innar glaaing. 

Rariaw of Itana 6.2 through 6.2.5 auecaaa- 
fully conplatad. 
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6. 3 (5. 3) CHS:4ICia. COMPaTIBILIIX of CG*4PONaiNTo 

In tha design of tha collector careful 
consideration was given to the selection of 
aatariala to prevent corrosion and deterioration. 

6. 3. 2(5. 3.2) CORROSION OF SlddUOLAR X£TALd 

Inapactlon of the drawings and prototype 
collector a will show all aatala are either of 
aiiuDinua or in the aaae eleotro-conductive 
category. Iwo prototype collectors have been 
in environisent test for one year and have shown 
00 corroaion or deterioration problaos. 

6. 3. 4 (5. 3. 4} £FF£}CTd OF CaCOi-lPOdlTION PRODUCTS 

Thia will be aonitorsd by inspeotiona. Two 
prototypes have not shown any decooposition. 

Absorber paint oay dacompoae after 10 years, but 
is retained within an enclosure and cannot affect 
aateriala. 

Items 6.3 tjrough 6.3.4 successfully completed. 
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7«0 miiT£NA£iC£ 

Acoattlbility for nalotaaaaoo Mill ba daaoa- 
ttratad by ravlaw of draMioga, aod apaclfloatlODt 
aod protypa oollsotora aod la datailed balow. 

7 .1(6.1) ACC£ad FOR SLsaflSA HkXU'SSJWKii 

Aooaas aay ba raquLrad to raaova aod raplaoa 
tha laoar glaalog, or rapaiot tba abaorbar ooatlog 
aftar tao yaara* loapaotloo of draaloga will abow 
that tba out^»r glaaiog aay ba raaovad for aooaaa 
to tba iooar glaziag or abaorbar ooatlog without 
raaovlog adjacaot uolta. 

7*2 (6.1.2) ACC£dd OF df;yi£H ^401iITORXRO 

Aooaaa for ayataa Booltorlog baa baan looludad 
In tba taat facility daalgo aod cooatruotloo. TbOMa 
flow aatara aod aupportlog loatruaaotatloo ara uaad 
to aaaaura flow rataa. Taoparaturaa will ba aooltorad 
on tba abaorbar plata back along wltb Input aod out- 
put taaparaturaa. Backup tbaraooouplaa probaa will 
_ ba uaad at apaolal polnta to oback regular loatru* 

aantatloo* 

Raw law of Itaaa 7.0 through 7.2 ooaplatad. 




7.3 (6.2) 


7. 3. 1(6.2 


7. 3. 2(6, 2 


7. 3. 3(6. 2 


7.3. ^(6.2 


7. 4(6. 3) 


Installation, Operations k .Maintenance Manual 

This manual will be prepared In accordance with similar 
manuals. Drawings, diagrams and photographs will sup- 
port written l.-'structlons prepared at the appropriate 
reading level, 

1) Installation Instr^'ctlons 

Installation shall Include physical, functional and 
procedural Instructions. Particular attention will 
be given to safety functions, expeclally the output 
temperatures from the collector Into the house will 
not be more than 140°P, Directions will be supplied 
for test Instruments. 

2) Maintenance and Operation Instruction 

Maintenance instructions will describe the relation- 
ship of the major components to the collector oper- 
ation, Collector maintenance Is expected to consist 
of repairing the Inner and outer glazings due to will- 
ful damage or accidents. Routine maintenance will 
Include occasional washing with a hose and Inspection 
of the outer glazing and caulking for signs of leak- 
age. 

3) Maintenance Plan 

The maintenance plan will provide a schedule and pro- 
cedure for the outer glazing washing and Inspections, 

Review of items 7. 3(6. 2) through 7. 3*3(6. 2, 3) is con- 
tained In paragraph 8. 


4) Replacement Parts 


List of parts, components, special tools and test 
equipment for service, repair or replacement will be 
provided along with sources of suppliers. 

Repair & Service Personnel 


A review of the Installation, Operation and *’*alnten- 
ance Manual will demonstrate that the Instruction, dia- 
grams and procedures and the collector design can be 
easily used by qualified service personnel. 


Review of Items 7,3.4 through 7*4 completed 

CoM ^s o?i- 

LSE Teht Engineer 
LSi^ /Approval . 

c/23C^^lfJ^atlon Officer Approval 
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8. Architectural Engineer Certification 

8.1 Review of Installation Drawings 

The Installation Drawings SC4X8106 are compatible with Architect* 
ural Engineering standards for the Installation of collectors on 
a roof. 

8.2 Review of Installation. Operations A Maintenance Manual 

The lOM Manual was reviewed In accordance with the following 
paragraphs of this document! 

6.2 Similarity of the lOM Manual to other lOM Manuals In use. 

6.2.2 That the Installation Instructions are sufficient for 
Installatlcm and contain adequate safety precautions. 

6.2.3 'nie maintenance plan Is adequate. 


Review of Items 8.1 through 8.2 successfully completed 

Bennett J. Severson. P.E. 




1 * 1 , 10333 :*| 


Incorporated 
10989 


/ 

; 

I 

I 

i 

CERTIFICATION TEST STATEMENT 

I 

i 

1.3 COLLECTOR PERFORMANCE ; 

1.3a TEST DATA 

See Data Sheets, Pages 83, 84, 85, 86 

1.3.1 COLLECTOR EFFICIENCY 

See Data Sheets, Pages 83, 84, 85, 86 
2. 1 SYSTEM DESIGN CONDITIONS 

2.1.1 EQUIPMENT CAPABILITIES 

Refer to Test Facility 
2. 1.2 NOISE OR EROSION, CORROSION 
None observed 

2. 1. 3 OPERATING CONDITIONS 

Refer to drawings 

2. 1. 4 FLUID FLOW IN COLLECTORS 

Refer to Test Facility 

2.1.7 PRESSURE DROP 

Pressure drop determined to be .1 at 120 CFM flow 
rate, See Page 89 

2. 2 MECHANICAL STRESS 

Review drawings 

2. 2. 1 VIBRATION STRESS LEVELS 

Review drawings. No vibrations observed. 
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2 . 6 


HEAT TRANSFER AIR QUALITY 


2. 6. 2 AIR QUALITY 


3. 1 


Inspection showed no observable dust accumulation. 
STRUCTURAL DESIGN BASIS 
Collector tested at 60° tilt. 


3.1.1 APPLICABLE STANDARDS 
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Perfor, nance Teat ILSE 4x9 Ju»l 


Anbient Air to Inlnt 


Tine 

FI on 
CFU 

Insolation 

aruH/rt 

Aablent 

Air 

RH 

i 

Inlet 

AlrS 

Outlet 
Air "P 

JC#1 

F 

TC#2 

°F 

TC#3 

Op 

®F 

Efficiency 
Total Area 

11^5 

120 

230 

72 

40 

80 

137 

183 

203 

160 

177 

69 

1200 

124 

290 

73 

1*4 

82 

142 

187 

214 

163 

181 

72 

1230 

127 

306 

74 

40 

83 

145 

196 

223 

167 

190 

72 

1315 

115 

316 

76 

37 

85 

153 

201 

22-7 

175 

197 

69 

1330 

116 

318 

76 

35 

84 

153 

200 

227 

174 

198 

70 

13U5 

116 

317 

75 

34 

83 

152 

199 

226 

172 

197 

71 

uoo 

114 

317 

77 

36 

83 

152 

200 

225 

172 

198 

69 

1415 

116 

311 

77 

40 

84 

152 

199 

225 

171 

198 

71 

1430 

112 

305 

76 

36 

83 

151 

196 

221 

168 

195 

70 


Septeaber 14, 1977 


00 

•u 

PerforMnee Tast Serial # LSE kiA-QiMaX 
Recirculated Input Air 


Tlrae 

Flow 

era 

Insolation 

BTU/ft^ 

Ambient 
Air ®P 

RH 

t 

Inlet 
Air °F 

Outlet 
Air ®F 

Thermo 

couple#! 

Thermo 

couplel2 

Thermo 

couple#3 

^eneo 
couple 14 

Efficiency 
Gross Area % 

12:20 

125 

320 

62 

40 

94 

158 

199 

225 

172 

197 

69 

12:25 

U7 

324 

62 

■ 

95 

158 

200 

226 

173 

198 

65 

12:30 

121 

330 

82 

II 

95 

159 

201 

227 

174 

199 

66 

12:40 

lie 

323 

81 

m 

96 

160 

201 

227 

174 

200 

65 

12:50 

116 

321 

81 

36 

97 

160 

201 

227 

174 

200 

64 

13:00 

116 

317 

81 

ff 

98 

160 

201 

226 

174 

200 

64 

13:10 

124 

312 

81 

m 

98 

159 

198 

223 

170 

198 

68 

13:45 

116 

232 

81 

m 

97 

U5 

175 

194 

154 

175 

68 


3, 1977 






Perferotnce Test LSE UA CJual 
Hlffh Teapersture Inrut 


Tine 

Flow 

CFU 

Insolation 

Ambient 

Alr°F 

RH 

i 

Inlet 

Alr°F 

Outlet 

Alr‘’F 

Thermo 

couple#'! 

Thermo 

couple#2 

Themo 

couple# 3 

Thernw> 

couple#4 

Efriclencj 
Oross Area f 

1245 

117 

34? 

66 

43 

127 

162 

226 

250 

200 

220 

52 

1255 

117 

325 

69 

M 

129 

182 

223 

250 

201 

223 

54 

1305 

119 

313 

72 

n 

129 

162 

222 

243 

196 

219 

55 

1325 

111 


71 

m 

126 

160 

176 

167 

160 

170 

62 

1335 

120 

222 

72 

37 

126 

162 

160 

201 

172 

187 

53 

1355 

122 

209 

72 

M 

129 

170 

209 

226 

189 

203 


14C5 

lU 

292 

73 

29 

130 

174 

215 

231 

190 

209 

48 

1U5 

lie 

278 

73 

N 

130 

175 

211 

227 

185 

206 

52 

U25 

114 

262 

74 

27 

132 

175 

210 

225 

185 

207 

53 

1435 

107 

249 

73 

II 

132 

174 

207 

223 

181 

204 

51 


Wm m imr 4« 1977 


oo 

cn 


STAGNATION TRST SERIAL ILSE LxR QUAL 


Time 

Insolation 

BTUH/ft^ 

Aabient 

op 

TC 11 

®r 

TC 12 
®F 

2C#3 


U20 

28? 

87 

271 

292 

259 

266 

li.30 

261 

88 

282 

301 

266 

277 

lUiC 

233 

88 

288 

309 

269 

286 

1L50 

186 

86 

270 

283 

236 

268 

1500 

78 

86 

236 

2U 

195 

236 

1510 

59 

88 

218 

226 

178 

220 


S«pt«ib«r 3, 1977 
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£FflC»ENCY 


f 




Pres 3 uro Drop Aeroaa /»Jt8 Solar II Collector 


Time 

Praiiduro 
inchos of w3tir 

Flow Rate 

cm 

1038 

.196 

196 

lOU 

.192 

187 

lOU 

.138 

155 

1046 

.q9o 

123 

1048 

.122 

U5 

1051 

.106 

13 :? 

1054 

.098 

120 


6c^ *S^7f 


\ 
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3.1.2 SraVICE LOADS 

CoUactor loadad to an aTtraga of 16 Iba/ft^ dead load. TMt aaetd 
all loadlof atandarda. Ro paroanant daforaatlon vaa aaaa. 3aa data 
ahaat , page 91, 

9.1.2.1 LITE LOADS 

CoUoetor «aa df ppa d thraa tlnaa fro« 6* m fraaiar, Ha pan»nMl 
daforaatlon or **an~| t obaaraad, 

3.1.2.2 RACKXIG TEST 

CoUactor aaa raiaad aaaaral foot tagr ona eornar and ahakan. >a 
paraaoant daforaatlon aaa obaarvad. 

3.1.2.1 OPnUTTOliAL TEST 

lo bockllnf haa avar baan obaanrad alth Solar n CoUaatera. 

3,1,2.4 PIXIUM CHAMBER PRESSURlZATIdl 

Saa data ahaata. Ho daforaatlon ana obaaraad aaan at Klfbar p raa- 
auraa. Data ahaat% pages 92, 93, 94. 

3.3 OAMAOE CONTROL 

Ho daaaga obaaraad ondar aaralaa. 

3.3.2.1 (H^SS LOADIHG ON ASSOIBLT WITHOUT TEDUR IH PUCE 

Saa Data ahaata. Ro paraaoant dafoooatlon o b aaraad. 

3. 3.2.2 LOADIHG ON TEDUR OUTER GUZDIG IHSTALIED IH COLLECTOR. 

Tadlar aaa luaUsd alth approzlnntalj ona Inch of aatar; In ln> 
eraaanta of frra ona faUon to 19 gallona of aatar. Saa data alMata. 
Tadlar aaa In crMtact alth 32E of glass aurfaea. Upon raasaal of tba 
aatar tha Tadlar at firat ahoaad algna of sagging. Aftar a parlod af 
about 1/2 hour tha Tadlar had ragalnad its original tautnaaa. 

Tha Tadar aaa ehseksd for air laakaga ahlla on tba eoUaetor. A 
port aaa aada In tha aids of tha oeUactor to prossurlza tha air gap 
bstaaan tha glaaa and Tadlar glazings. Tha Tadlar balldanadupaard alth 
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COLLECTOR KPLECTION UNDER HjO LOAD 


Water Depth 
(inches) 

1 

Position Indicated on Dlagraa Beloi 
2 3 

4 

5 

1 

0 

.109 

.016 

.12 

•0156 

2 

0 

il09 

.016 

.1876 

.0156 

3 

0 

.235 

.063 

.265 

.03 



!• Collector odfc 

2. Contor of fleas 

3. SuppBOt bor 

4. Contor of glass 
3. Collector edge 



CXRIQINXS PAGE IS 

01 KOR QUAUnC 
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AIK PLSIWU PRESSURE TI2ST 


Poiitlon of 
llaoauroMnt 


1. . 


2 , 


Praaiuro 
inches of ootor 


DofloetioA 
iMhon ' 


.052 

.122 

.221 

.286 

.HB 

.361 

0 


.003 

•004 

.007 

.018 

.022 

.035 

.01 


.051 

.101 

.11 

.206 

.270 

.30 

.10 

0 


.002 

.005 

.009 

.OU 

,018 

.025 

.012 

0 


.052 

.122 

.221 

.286 

.318 

.381 

0 


.003 

.007 

.008 

.013 

,015 

.036 

0 




Air PlenuA Pmssup# T#»t 


Position of 

Ueasurejient 




5. 


6 . 




Pressure 
inches of water 


Deflection 

inches 


.10 

.20 

.26 

.304 

.302 

.376 

0 


.010 

.015 

.016 

.018 

.022 

.030 

,02 


,008 

.108 

, 1'78 

.204 

.30 

,338 

. 3‘»8 

0 


,010 

,017 

.026 

.031 

.046 

.054 

.062 

0 


.008 

.108 

.178 

.204 

.300 

.338 

.393 

0 


.005 

,022 

.036 

,039 

.053 

.064 

.075 
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tlr prtsaur*. Pr«riur« rtadinfs ««rt taken with the D^yer Micro Teetort 
tine readings were taken and deflections were oeasured as the Tedlar 
collapsed. It took over 20 oinutps for the equilibriusi position of 
the Tedlar to be reached. No peroanent defornation was observed} see page Si, 

3.3.2.3 TEDLAR SERVICE LOADS 

The Tedlar was reloaded with 13 fellons of water. Inward doflec« 
tions of the Tedlar fraae were observed. See data, pages 97, 98. 

3.7 hail RESISTANCE 

NASA Testinc 
3.9 PONDING CONDITIONS 

No ponding observed in rainy weather. 

3.9.1 DESIGN PROVISIONS 

No ponding observed 

3.9.3 EEPOniATION 

No defomation observed 

3.9.4 THERMAL SHOCK 

Collector was shaded with tarp until noon. Tarp was renMed and 
no buckling was seen to occur. 

5.0 HAZARD ANALYSIS 

5.1 FIRE SAFETY 

Refer to aanufactnrin^nstallation dra'Jings. 

5.1.1 APPUCABLS FIRE STANDARDS 

(4.3.1) 

Review drawings, etc. 

5.4(4.6) PROTECTION OF POTABLE '/7ATEH AND CIRCULATION OF AIR 
Review drawings 

5.4.1 

(4.6.1) CONTAMINATION BY MATERIALS 

No contasdnation observed. 
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i 

1S3UR AIR L2AK TEST 


Utpa«d TIjm 
atnutot 

Prtttur* 

IjiehM of HjO 

Difloetlon 

Inehos 

•1 

.070 

.875 

•9 

.064 

.829 

•83 

.096 

.729 

1.83 

.090 

.669 

8.90 

.044 

.610 

3.00 

•040 

.604 

3.83 

.036 

.999 

9.33 

.030 

.9X 

6.90 

.026 

.469 

8,00 

.XO 

.349 

U.98 

.016 

.290 

U.83 

.ou 

.239 

U.79 

.012 

.U9 

16.91 

.010 

.U9 

32.x 

0 

0 




# 



Gallon H^O 

Weight (lbs) 

Area of Tedlar * 
Touching Glass (ft^) 

t Total Collector 
Area 


8.3 

1 

3.22 

7 

58.1 

9.47 

30.5 

8 

66.4 

11.67 

37.6 

10 

80.3 

12,57 

40.5 

12 

99.6 

12.94 

41.8 

U 

116.2 

13.40 

43.2 

16 

132.8 

15.35 

49.5 

16 

U9.4 

16.28 

52.5 




liviniNAfi ^ ® 
0B POOR 


1 



Fifur* i. D«fl«otlon llMsuraMnt polAti on T»41ar 


A 


Support Fr«a« 



5.4.4 

(4.6.4) 

5.5(4.7) 


5.5.1 


6.1(5) 

6.1 


6.1.3 


6.1.4 

(5.1.4) 


6.1.5 


6.1.6 


o.2(5.2) 

6.2.1 

(5.2.1) 


GROVfTH OP FUNGI 

Fungi growth not exhibited after long expoaui^* to the weather. 
EXCESSIVE SURFACE laiPERATURES 

Collector surface teaperatures were found to be 195° F during stag- 
nation. Therefore, surfaces will be insulated if collector is instal- 
led near public traffic. Eiefer to Verification Status Suoaary to the 
•Verification Plan-Paragraph 4.7.1. 

PROTECTION FRCM HEATED COMPONENTS 
See above paragraph 
EFFECTS OP EXTERNAL ENVIRONMENT 
SOLAR DEGRADATION 

Tedlar and Nextel paint have been exposed to sun for 1.3 years 
with no observable degradation. 

AIRBORNE POLLUTANTS 
None observable 

DIRT RETENTION ON COVER PUTE SURFACE 

Dirt retention la observable but Is found to be easily reaoved 
by hosing. 

ABRASIVE WEAR 

No observable wear is found after 1.3 years of service. 

FLUTTER Hr WIND 

Photographs of wind flutter have been aade. Dial gage aeasure- 
aents were aade to deteroiins Tedlar aoveaent by wind. Gusts of 20 
a.p.h. resulted in 1/6** deflection, amplitudes. 

TEMPERATURE AND PRESSURE RESISTANCE 
THERMAL DEGRADATIOT! 

See paragraph 6.1, above. 

oioGDran FBca B 

K»R qUAUTY 
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6,2.3 

(5.2,3) 


6.2.5 

(5.2.6) 


6.3(5.3) 


6.3.2 


6.3.4 

(5.3.4) 


7.0 


7.1 

( 6 . 1 ) 


7.2 

( 6 . 1 . 2 ) 


THEBMAL CTCLINO STRESSES 

Thtraal cycling hat been taken Into conilderatlon in tha dttlfn of 
the collector. (Sm dra«lnfs) No atresees have been obaervedj hoeever, 
sub-zero tenperaturea have not oeetired since testing beian. 

T1UN5MISSI0M LOSSES DUE TO OUTGASSOK; 

A aaall hole eaa placed in the side of the eolleetor boloe the level 
of the flats. A light source vaa placed In the hole and the lights la the 
rooa were turned off. A photo electric cell was placed over the light touree 
on the top aide of the glass. The electrical response of the cell nas noted 
vlth a voltjBStar. The light source eas renoved and the bottom of the glass 
near the hole was cleaned vlth cotton avabs. No residue vas observed on the 
svabs. The light test was then repeated to see if aore light would be trans- 
aitted through the glass after cleaning. The electrical response fron the 
photo electric cell vas found to be identical with the first test. Re trane«- 
alsaion losses were noted. 

CHEMICAL COMPATIBILITY Of COMPONENTS 

All sMtals are aluninuA to prevent Galvanic action. The eoUeetar vas 
voided vhere required by TIG process rather than soldered, to prevent shv« 
leal action by soldering fluxes. Othsr oaterials used were chosen - --r 
their veatherability. 

CGRR06I0R or DISSIMILAR METALS 

Review drawings and paragraph 6.3. 

EFFECTS OF DECCKPOSITIQM PRODUCTS 

No decomposition has been observed on any material to date, 

HAINTENiaCE 

Review of lOM Manual and drawings 
ACCESS FOR SYSTEM MAINTBiANCE 

Review of lOM Manual and Installatian drawings. 

ACCES OF SYSTEM MONITORING 
Inspect teat facility 
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